China's 13 th Five-Year Plan, launched in March 2016, provides a sound policy platform for the protection of marine ecosystems and the restoration of capture fisheries within China's exclusive economic zone. What distinguishes China among many other countries striving for marine fisheries reform is its size-accounting for almost one-fifth of global catch volume-and the unique cultural context of its economic and resource management. In this paper, we trace the history of Chinese government priorities, policies, and outcomes related to marine fisheries since the 1978 Economic Reform, and examine how the current leadership's agenda for "ecological civilization" could successfully transform marine resource management in the coming years. We show how China, like many other countries, has experienced a decline in the average trophic level of its capture fisheries during the past few decades, and how its policy design, implementation, and enforcement have influenced the status of its wild fish stocks. To reverse the trend in declining fish stocks, the government is introducing a series of new programs for sustainable fisheries and aquaculture, with greater traceability and accountability in marine resource management and area controls on coastal development. As impressive as these new plans are on paper, we conclude that serious institutional reforms will be needed to achieve a true paradigm shift in marine fisheries management in China. In particular, we recommend new institutions for science-based fisheries management, secure fishing access, policy consistency across provinces, educational programs for fisheries managers, and increasing public access to scientific data.
of wild fisheries, the protection of marine ecosystem services, and the amelioration of coastal pollution are momentous. Achieving the Plan's marine protection objectives will be challenging, however, and will require new approaches for state governance of marine resources, data sharing and use for policy implementation, and an expanded public appreciation of marine ecosystem services for sustained economic growth and environmental quality. Without serious institutional adjustments, even the most limited management strategy for conserving China's marine fisheries will be tenuous.
Here we trace the history of Chinese government priorities, policies, and outcomes related to marine fisheries since the 1978 Economic Reform, and propose a set of institutional initiatives that could help China realize a true paradigm shift in fisheries management. China is not unique in its challenges to sustain marine fisheries. Over the past two decades, most countries have recognized the need to improve fisheries management (1) . Efforts to rebuild stocks have been most successful for large, data-rich fisheries that have formal assessments (representing ~20 percent of global catch volume and ~1 percent of marine fish stocks), and less successful for small, data-poor fisheries (2, 3). China's marine catch, like that of other Asian countries, is comprised largely of non-targeted and unassessed fisheries (or at least stocks for which public data are unavailable), and almost one-third of its total catch is classified as nei (not elsewhere identified or included) (3, 4) . What distinguishes China among the many countries striving for fisheries reform is its size (accounting for almost one-fifth of global catch volume) (5) and the cultural context of its economic and resource management. China's centrally controlled economy combines strong incentives for state-owned enterprises with an open market system to promote industrial and social modernization. Its socialist market economy and its deep cultural traditions (often referred to as Chinese characteristics) provide major opportunities, but also potential impediments, for sustainable fisheries management.
China's opportunity for fisheries reform rests on the fact that its centralized government has the legitimacy and capability of commanding transformational change in economic and social outcomes according to its policy objectives. Such transformational power is evident by the country's success in reducing the incidence of poverty and food insecurity (as defined by calorie deficits) from over 50 percent to 8 percent of its total population within a single generation after the launch of the 1978 Economic Reform (6) . Similarly, during the ensuing era of marketoriented growth and increased openness to the global economy in the 1990s and 2000s, China's real gross domestic product (GDP) grew, on average, at an astounding rate of around 10 percent per annum (SI Appendix, Fig. S1 ) (7) . Overall, China experienced four decades of unprecedented economic expansion under centrally planned economic reforms, with the most significant growth occurring through urbanization and industrialization in its coastal provinces.
The environmental repercussions of China's economic expansion have been substantial, however, as manifest by widespread pollution, ecosystem degradation, and biodiversity loss (8) (9) (10) (11) (12) . The impediments to sustainable development in China are revealed in the unintended, and often poorly reported, consequences of economic growth on human health, welfare, and the environment.
In an effort to reconcile economic development with environmental quality and human well-being in recent years, the current leadership under President Xi has promoted an agenda of 'eco-civilization', which aims to "build a resource-saving and environment-friendly society based on environmental carrying capacity of resources, the laws of nature, and sustainable development" (13). Emphasis on the concepts of land-sea coordination, green development, and social-ecological balance provide a platform for a paradigm shift in China's marine fisheries management. This paradigm shift will only be realized, however, if concepts are effectively translated into action, compliance, and enforcement at the local level. In the sections that follow, we discuss some of the key Chinese characteristics that have shaped government objectives related to China's marine economy during the past 40 years, and show how fisheries management and catch have matched these objectives. We then address the critical question concerning China's 13 th Five-Year Plan: How might institutions for fisheries management be reconfigured so that local incentives align with the central objective of eco-civilization?
The Cultural Context
One of the biggest challenges for international scientists working in China is understanding the deep cultural roots that influence policy and management practices. Without such knowledge, recommendations for institutional or policy reforms are likely to be inappropriate. A comprehensive analysis of Chinese culture and philosophy is beyond the scope of this paper, but
we highlight a few traditional beliefs and modern economic practices that are likely to influence the transition in China's marine fisheries management.
Like many other countries, China developed its economy with agriculture as a foundation, but the symbolism of agriculture extends well beyond the cultivation of crops.
Agriculture depicts China's naturalistic view of life, its traditional orientation toward terrestrial systems, and its cultural principles of simplicity and human centrality in the process of ecological change. Agriculture also reflects a preference for taming nature over preserving natural habitats and wild species, despite the benefits of ecosystem services and biodiversity to society-ideas that are gaining greater appreciation in China today (14) . It is no surprise that aquaculture accounts for roughly three-quarters of China's fish supplies, and that the country's long history of land-based fish farming has been at the core of its dominance in global aquaculture production (15) . The concept of food security in China is associated mainly with staple agricultural systems, but aquaculture plays a central role in meeting national targets for fish supplies.
Chinese characteristics also encompass the yin-yang ideal of harmony and balance that extends to all segments of society, including the marine economy. China's cultural ethic of conservatism permits minimal waste, which helps to explain the country's widespread practice of non-selective fishing, in which all catch is used for some purpose (e.g., food, feed, fertilizer, and other industrial uses). Although moderation is a traditional Chinese value, there is no delusion that humans and ecosystems are in a steady balance. Instead, there is a general acceptance of oscillation from excessive to conservative resource use, as reflected, for example, by President Xi's current attention toward eco-civilization following decades of unrivaled economic expansion.
The challenge of meeting human needs and desires for a population of over 1.3 billion while sustaining natural ecosystem functions is non-trivial. The Chinese desire for avoiding extremes (e.g., social inequality and environmental damage) has been difficult to maintain in a rapidly developing and globalized economy, especially where full impacts of various activities such as use of fossil fuels were not appreciated until recently. In an earlier era, guiding marine resource management in China with the ecological ethic of "nature and man in one" was easier to achieve (16) .
The principles embedded in the 1978 Economic Reform-socialism with Chinese characteristics-were derived, at least in part, from the increasing tension between the growing material and cultural needs of the Chinese population and the underdeveloped nature of its production system (17, 18) . The socialist market economy emerged with strong central control over most sectors of society, but with openness to capitalist markets that allowed for growth in industry, non-farm employment, and personal incomes. Despite the apparent rise in western style capitalism, the Chinese culture demonstrates a greater respect for top-down decision-making, mutual responsibility, and deference to leaders and elders. This philosophy, which has no direct translation in the English language, is generally accepted by Chinese citizens as a means of preserving social stability and cultural pride. Most analysts agree that the central government,
with its top-down control, has been successful in meeting its broad economic goals.
Like other sectors of the economy, policy priorities for fisheries management are governed by central policy objectives, as outlined in Figure 1 . Three broad sets of policy goals have shaped the transition in China's marine ecosystem and fisheries management since 1978: i) economic growth and food supply, ii) development of the blue economy and the expansion of economic activities outside of China's borders ("going out strategy"), and iii) environmental protection and ecological civilization ("eco-civilization"). These objectives are cumulative; that is, food production and economic growth have been major objectives since the economic reform of 1978 and remain so today, but environmental protection and eco-civilization are now added as essential elements of sustainable development.
The stakes for improving the economic-social-ecological balance in China's marine fisheries are high. China abuts four major seas-Bohai Sea, Yellow Sea, East China Sea, and South China Sea, and has a coastline of 11,200 miles (19, 20) . Over 20,000 marine species are reported off its coasts, including 14 percent of the world's fish species, 43 percent of mangrove species, and 33 percent of the Indo-west Pacific's coral reef species (9) . With such vast marine resources, China ranks as the world's leading fishing nation, supplying roughly 15 million metric tons of marine catch in 2014 (13 percent of which came from distant water fleets; see SI Appendix, Fig. S2 ) (21). Accordingly, China has the largest fishing fleet and the greatest number of people employed in the fishing sector. Sustaining its capture fisheries and fishing communities is no small feat, and will require a long-run commitment to the health and resilience of marine ecosystems.
History of China's Marine Fisheries Management
Marine fisheries management in China reflects the yin-yang principle of unity of opposites-a shifting balance between anthropocentric and ecocentric paradigms. Not surprisingly, coastal conversion and the rapid development of China's marine economy have placed tremendous pressure on the country's marine ecosystems (10) . China has lost over half of its coastal wetlands, 57 percent of mangroves, and 80 percent of coral reefs, most of which are critical spawning, nursing, or feeding grounds for fish (9, 25) . Pollutants from agriculture, urbanization, and other land-based industries have further eroded marine ecosystems and many key habitats of wild fisheries, resulting in an estimated economic loss of more than half a billion US dollars annually to the country's marine fisheries (9) . Some large marine ecosystems, most notably in the Bohai Sea, have been degraded to the point of becoming dead zones (26).
In response to overfishing and the steady degradation of coastal ecosystems, the Chinese government has introduced a series of management measures to rebuild marine fisheries (19, 22, 27 ). These measures, listed in Table 1 , include input and output controls, technical limits such as gear specifications and restrictions, spatial and temporal closures, ecological instruments, and economic incentives. There has also been a symbolic shift in policy language surrounding the exploitation of China's ocean resources. Following the China Ocean Agenda 21, which declared the sustainable development of oceans and coasts as a basic development strategy, the government has introduced a series of Five-Year Plans with greater emphasis on resource conservation, environmental protection, and marine awareness (SI Appendix, Table S1 ).
One of the most notable reforms in fisheries management was the seasonal moratorium China has established a number of spatial regulations to protect coastal habitats and wild fish resources, but these measures have been fairly weak and have not been carefully evaluated.
The country officially has 49 marine protected areas (MPAs), but they span only 0.5 percent of its total marine area. A mere fraction of this MPA area --0.05 percent of China's oceans --is strongly protected in no-take zones (29). China also has 51 marine germplasm resource conservation zones, although monitoring and enforcement of these protected areas has been deficient (30).
In addition to seasonal and spatial closures, the Ministry of Agriculture (MOA) introduced a "zero growth" strategy for total marine catch in 1999, and a "negative growth" effectively implemented, will have a profound influence on the number of vessels and capacity of China's marine fishing fleet. However, the Chinese government also provides a large subsidy for distant water fishing vessel construction. While the latter aims to maintain adequate fish supplies for the country without further depleting domestic fisheries, it has largely failed to meet this objective. Roughly half of China's distant water catch, mainly comprised of high value species, is sold to foreign markets in developed countries and is not transported back to China (36, 37).
Fishing for Volume or Ecosystem Resilience?
Despite the multitude of stresses on its marine ecosystems, China has been remarkably successful at maintaining a steady volume of wild fish catch over the past 25 years-and indeed These trends are consistent with evidence on the changing trophic structure of China's marine catch. Half a century ago, China's catch volume was small and comprised mainly of large demersal species with high economic value (SI Appendix, Table S3 ). In recent decades, about 80 percent of the catch in China's EEZ has consisted of low-valued, small pelagic fish such as anchovies, mackerels, and scads-many of which are over-fished (see SI Appendix, Fig. S5 , Table S4 ). Available data suggest that China has been substantially "fishing down the food web" (38). The mean trophic level of its marine capture fisheries has declined from 3.7 to 3.46 during the past half century, reflecting more than a 50 percent decrease in the primary production required to sustain its wild catch (39, 40). A similar pattern has occurred in many other countries and large marine ecosystems, although fishing up and fishing through the food chain has also been evident in several regions (40, 41) (SI Appendix, Fig. S6 ).
The combination of sustained catch volume and declining trophic depth, while not intentional, has been tolerated in China because it has provided short-term benefits in the form of domestic fish supplies and fishing incomes (42). Local authorities have been able to report progress in contributing to centrally planned targets for economic growth and food production by maintaining a steady volume of fish biomass. China's massive aquaculture sector, its expanding distant water fishing sector, and its rising fish imports have also helped the country to meet its rising domestic demand for fish-and have thus permitted government officials to skirt tough regulations on its capture fisheries. Until recently, it appears that restoring trophic balance through an ecosystem-based approach (43, 44)-in order to increase resilience, avoid the risks of fishery depletion, and obtain long-term profits-has ranked relatively low among government priorities, particularly when short-run economic or social costs have been incurred.
Reassessing the tradeoffs between conservation and exploitation for food and income has become increasingly critical in China as several of its coastal ecosystems experience irreversible decay. Two key goals of marine resource management in China (and in many other countries)
are to preserve the option for future use and, accordingly, to build ecosystem resilience in the face of climate change and other anthropogenic stressors (45). To achieve these goals, there will need to be a concerted effort to preserve marine food webs and ecosystem structure through a combination of well-functioning MPAs and fisheries reform. In order to minimize social tradeoffs, the government will need to continue to promote sustainable aquaculture development that practices. There is no "one-size-fits-all" management strategy that will achieve the desired balance between food production, economic growth, and ecological resilience in all of China's fishing regions. Simply agreeing on the desired balance is a daunting task given China's large population, expanding labor force, and overarching goal of social stability. A more general conclusion from Costello et al.'s (3) assessment is therefore worth emphasizing: the greatest economic and ecological improvements in China's fisheries will come from re-shaping institutions. Without institutional change, China will be unable to implement widely accepted ideas on sustainable fisheries management.
What types of institutional change are needed in China to realize its plans for fisheries recovery and marine ecosystem resilience in the 13 th Five-Year Plan? We suggest six specific measures:
• The introduction of regional science management councils, whereby all important stakeholder groups are well represented, and the best available science is used in the decision-making process for marine fisheries management. Within such a system, fishing limits would not exceed scientifically-determined sustainable levels, and fishermen would need to comply with these limits. Key stakeholder groups would include government, industry, independent scientists, and civil society.
• The introduction of incentives that improve fishing incomes without increasing fishing effort and aggregate fish catch, e.g., through the allocation of individual fishing limits or quotas. Funding programs to remove excessive fishing capacity and to promote alternative employment opportunities and workforce training would enhance the success of this initiative, as would the removal of most existing subsidies to the fishing industry.
• The expansion, effective implementation, enforcement, and sustained financing of marine protected areas (MPAs) throughout China's EEZ to enhance the recovery of fisheries stocks and the resilience of marine ecosystems.
• The implementation of uniform management and enforcement mechanisms across provinces in China to ensure that communities and the fishing industry throughout the country are subject to equivalent and effective fisheries regulations.
• The promotion of educational opportunities for scientists and fisheries managers to learn from the successes and failures of other nations in marine resource management.
• The establishment of a public process for data sharing and transparency on fisheries practices, catch, stock status, and ecological impacts.
If China is able to carry out these institutional reforms, it will likely experience a true paradigm shift in fisheries management. To be successful, however, the government will need to commit financial resources to cover the transition costs of institutional change. Without adequate funding, efforts to transform fisheries management in China will likely be futile.
Based on the cultural characteristics that underpin China's economic model and resource use, it is clear that some of these institutional changes will be easier to achieve than others. For example, promoting scientific education for fisheries managers and improved mechanisms for data sharing will be easier to implement than creating institutions for public participation in the decision-making process. Strengthening the ties between central and local leadership is feasible-and essential-for marine fisheries reform in China, as is the harmonization of regulations and enforcement mechanisms across all coastal provinces. Using the best available science in decision-making for all fishing regions and introducing secure access approaches in selected areas in line with science-based recommendations are also highly achievable goals.
This is a pivotal time for fisheries and marine ecosystems in China. The central government has the power to implement transformative change in marine fisheries management that could benefit its citizens substantially, as well as position the country to be a global leader in fishery reforms and marine protection. Reforms will not be easy, but firm groundwork has been laid, and policies are moving in the right direction. Because the window of time to make the transition is closing as wild fish stocks become further depleted, time is of the essence. As the classic Chinese saying goes, "Ten thousand years are too long. Seize the day, seize the hour."
We urge Chinese leaders to pursue their agenda of eco-civilization reforms vigorously within the In the amended Fisheries Law of 2000, the concept of a fishery quota system, or total allowable catch (TAC), was introduced and incorporated into bilateral fisheries agreements. However, TAC programs have not yet been applied species-specifically for fisheries in China seas, mainly because of inadequate data, monitoring constraints, lack of an appropriate institutional structure, insufficient enforcement, and the widespread indiscriminant fishing practices.
† Ocean or coastal operations, if causing negative impacts to fish stocks, must compensate for the loss in fisheries, e.g., by funding stock enhancement and artificial reef construction. Korea have traditionally used an Exclusive Fishing Right system to manage inshore fisheries resources. They have also implemented a catch quota system to manage major fish stocks within their EEZs since the late 1990s.
The mean catch trophic level of Japan's marine capture fisheries has declined slightly from 3.50 to 3.42 during the past half century. Its low catch trophic level between mid-1970s and 1990s was attributed to outbreak of Japanese sardine (peaking at ~500 mmt/year). During the same period, the mean trophic level of South Korea's marine catch has dropped from 3.68 to 3.48, while that of China has dropped from 3.70 to 3.46. China's mean 2015) , which introduced the concept of "land-sea coordination" to consider land and sea as a whole in the national developmental decisions. 13 th FYP 2016-2020 The current 13 th FYP has highlighted the following policy priorities: developing maritime power, protecting marine ecosystems, and establishing marine ecological redlines and an ecological damage compensation system. 
